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® Arphamenlne and its related compounds, a process for their preparation and their use as medicaments. 
® The present invention relates to Arphamenine-related 
compounds of the formula 



1-CO-CH.-L- 



COOH 



0> 
CM 



wherein R represents an o-amino acid residue correspond- 
ing to an o-amino acid molecule from which the a-carboxyl 
group has been removed, to a process for their preparation, 
and their use as medicaments having immunopotentiating 
activity. 
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The present invention relates to methods of synthesi- 
zing Arphamenine and its related compounds, expressed by 
the following general formula (I) 



10 wherein R represents an a-amino acid residue corresponding 
to an a-amino acid molecule from which the a-carboxyl group 
has been removed, R 2 represents a hydrogen atom, an alkyl 
group having 1 to 6 carbon atoms, an aryl or aralkyl group, 
both of which may be unsubstituted or substituted in the nuc- 

15 leus and * represents a configuration of the R- or S-type 
or the R- and S- types combined, 

Arphamenines A and B of the general formula (I) in 
which R represents an a-amino acid residue derived from ar- 
ginine and R 2 represents a benzyl group or a p-hydroxy- 

20 benzyl group - referred to generally as Arphamenine - are 
novel substances that were discovered by the present in- 
ventors as aminopeptidase-inhibitory substances on the basis 
of screening. They are produced by fermentation, and they 
also have an immunopotentiator action and an analgesic 

25 action (see European Patent Application -Al- 0 096 356). 
The chemical structure of Arphamenine is expressed by the 
following formula: 



5 



i 2 

CHg - CH - COOK (I) 



R - 



CO - 




CH - C00H 



(I) 



- 3 - HO 

In the above formula, It* represents a hydrogen atom or 
a hydroxyl group • Arphamenine with a hydrogen atom as R* is 
named Arphamenine A, and Arphamenine with a hydroxyl group 
as H* 1 , Arphamenine B. 
5 Now, it has been found that Arphamenine and novel 

Arphamenine-related compounds can be synthesized easily in 
good yields when a-amino acid ester derivates and metal 
salts of substituted or unsubstituted malonic acid diesters 
are used as starting materials. 

10 Methods of synthesizing compounds which are similar in 

chemical structure to Arphamenine include the application 
of the Dakin-West reaction using ketomethylene compounds 
and oxazolone (Journal of Medicinal Chemistry, Vol* 24, 
page 964, 1981), and the reaction of Grignard reagents with 

15 a-amino acid pyridinethiol esters (Tetrahedron Letter, 

Vol. 23, page 2533, 1982 )• 
1 The first method is disadvantageous in preparing the 

I starting ketomethylene compounds, i.e., half-ester-acid 
chloride compounds of substituted succinic acid, and also 

20 has the disadvantage that since the desired compound cor- 
respond to compounds of the aforementioned formula (I) 
having an acylated group, violent acidic hydrolysis is 
required to return this amino group to the free state. The 
second method, on the other hand, is disadvantageous in 

25 that the starting materials are restricted to a narrow ran- 
ge of compounds, because Grignard reagents are used. Also 
this method involved an additional step of protecting the 
ketone group of the compounds of formula (I) in order to 
avoid possible influences on it which may be exerted when 

30 removing the protective group for the functional group. 

In contrast, the methods of this invention are simple 
and efficient. According to this invention there is pro- 
vided a process for the preparation of compounds of the 
general formula (I) 



35 



?2 



R - CO - CH 



2 - £H - C00H (I) 



- n - 



HOE' 



10 



15 



20 



25 



wherein R represents an a-amino acid residue formed by 
removing protective groups from an a-amino acid residue 
having protected functional group and a protected a-amino 
group , the later a-amino acid residue being described here- 
inbelow under the designation of R 1 ; R 2 represents a hy- 
drogen atom, an alkyl group having 1 to 6 carbon atoms, an 
aryl group, or an aralkyl group both of which may be sub- 
stituted or unsubstituted; and * means that the configura- 
tion for the asterisked carbon atom is of the R- of S-type 
or the R- and S-types combined, 

which comprises condensing an a-amino acid derivate of 
the general Formula (II) 



wherein R x represents an a-amino acid residue corresponding 
to an a-amino acid molecule from which the a-carboxyl 
group has been removed, and if the a-amino acid residue 
contains a functional group in addition to the a-amino 
group, both the a-amino group and the functional group are 
protected with usual protective groups, and X represents a 
bromine or iodine atom, 

which a substituted or unsubstituted malonic acid diester 
alkali metal salt of the general formula (III) 



wherein R 2 is ad defined above; r3 represents as a carb- 
oxyl-protecting group an alkyl group having 1 to 4 carbon 
atoms or a tetrahydropyranyl group; Me represents an alkali 
metal; and * is ad defined above, 

to form a condensation product of the general formula (IV) 






(III) 



- 5 - 



R 2 COOR 3 
R 1 - COCH 2 - CH // (IV) 
* \jOOR 3 

5 wherein R 1 , R 2 , R 3 and * are as defined above, then remo- 
ving from the compound obtained one of the -COOR 3 groups by 
a usual decarboxylating method, and finally splitting off 
the protective groups. 

a-Amino acid derivated of the general formula (II), 
10 used as "the starting material in the process of this inven- 
tion, are obtained as for example, bromine compounds of the 
formula (II 1 ) 



15 



20 



R 1 - C0CH 2 Br (II') 

by methods which comprise reacting a-amino acids having 
protected functional groups, expressed by the formula (V) 

R 1 - C00H (V) 



wherein R 1 is as defined in the general formula (II), with 
ethyl chloroformate in anhydrous tetrahydrofuran at low 
temperatures in the presence of triethylamine, and. further 
reacting the system with diazomethane to form diazomethane 
25 derivatives of the formula (VI) 

R 1 - C0CHN 2 (VI) 

and then reacting the compounds of the formula (VI) with an 
30 acetic acid solution of hydrobromic acid in tetrahydro- 
furan. The reaction of the bromine compounds of formula 
(II 1 ) with sodium iodide in acetone gives iodine compounds 
of the formula (II») 

35 R 1 - C0CH 2 l (II«) 



10 
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which are another example of the o-amino acid derivatives 
of the general formula (II). 

Alkali metal salts of malonic acid diesters of the ge- 
neral formula (III), the other reactarit in the processes of 
this invention, can be prepared by reacting substituted or 
unsubstituted malonic acid diesters of the general formula 
(VII) 

« ^ COOR 3 
R 2 - CH<" (VII) 

^COOR3 



wherein R 2 , R 3 and « are as defined in the general formula 
(III), 

with alkali metal hydrides, preferably, sodium hydride, in 
15 a mixture of N,N-diraethylformamide and hexamethylphosphoric 
triamide (HMPA). 

The condensation of compounds of formula (II) with 
compounds of formula (III) according to the process of this 
invention can be carried out by for example reacting both 

20 compounds in ordinary organic solvents, such as formamide, 
dimethylformamide or hexamethylphosphoric triamide (HMPA), 
for several hours with cooling at 0 to 15 °c with ice. 

If functional groups, such as a hydroxyl group, an 
amino group or a carboxyl group, are contained in the 

25 moieties R 1 and R 2 of the starting compounds for said con- 
densation reaction, these functional groups should desi- 
rably be protected when this reaction is carried out. 

As protective groups such known in the art can be used 
for this purpose. Examples of the protective groups for the 

30 hydroxyl groups are the tetrahydroparanyl group and the 
benzyl group. Examples of the protective groups for the 
amino group are aralkyloxycarbonyl groups, such as a benzy- 
loxycarbonyl group, and alkoxycarbonyl groups, such as a 
t-butoxycarbonyl group. Protective groups for the carboxyl 

35 group are typified by ester-forming groups, such as a tetra- 
hydropyranyl group and alkyl groups. 
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The condensation raction between compounds of formula 
(II) and compounds of formula (III) results in the forma- 
tion of dicarboxylic acid ester compounds of formula (IV), 
which are then subjected to a carboxyl- or carboxylate- 
5 removing reaction, a reaction for removing one of the 
C0OR 3 groups by usual methods. This decarboxylation reac- 
tion can be carried out by heating the compounds of formula 
(IV) in solvents, such as pyridine or dimethylformamide, in 
the presence of inorganic salts,- such as sodium chloride. 

10 After the carboxyl- or carboxylate-removing reaction is 
performed, a reaction for splitting off the protective 
groups is carried out. For this reaction, various methods 
known in the art may be used depending on the types of the 
respective protective groups. 

15 The a-amino acid residue - expressed by R 1 - present 

in the starting compounds of formula (II) in the processes 
of this invention is derived for example from, the 
following a-amino acids: Arginine, lysine, phenylalanine, 
tyrosine, histidine, cysteine, methionine, aspartic acid, 

20 glutamic acid, serine, proline, alanine, valine, leucine, 
lsoleuclne, and norleuclne. 

If R 2 in the malonic acid diester derivative (III), 
the other reactant, represents an alkyl group having 1 to 6 
carbon atoms, it may be straight-chain or branched. Examples 

25 of R 2 representing an aryl group which is substituted or 
unsubstituted include a phenyl group. Examples R 2 represen- 
ting an aralkyl group which is substituted or unsubstituted 
include a benzyl group. Preferred examples of the substi- 
tuents on the phenyl nucleus are hydroxyl, nitro, and 

30 methoxy. R 3 is preferably an alkyl group, such as methyl or 
ethyl, or the tetrahydropyranyl group. 

According to an embodiment of the process of this in- . 
vent ion, there is provided a process for preparing Arphame- 
nine A or B of the formula (lb) 



30 
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ft 



H 2 H-C-NH-(CH 2 ) 3 -CH-CO-CH 2 -C-COOH (lb) 
NH 

5 

wherein R 1 * represents a hydrogen atom or the hydroxyl 
group, which comprises reacting an arginyl-halomethane 
wherein the amino groups are protected expressed by the 
• formula (Ha) 
10 A NHA 

AHN-C-N-(CH 2 ) 3 -CH-C0-CH 2 X (Ila) 
NH 

wherein A represents a known amino-protectlng group, e.g., 
15 an lower alkoxycarbonyl group such as a t-butoxycarbonyl 
group or an aralkyloxycarbonyl group such as a benzyloxy- 
carbonyl group, and X represents a bromine or iodine atom, 
with a benzylmalonic acid diester alkali metal salt of the 
formula (Ilia) 

20 C00R 3 

R^-fW.!/ (IIIa) 
W X C00R3 
Me® 

25 wherein R 3 represents as a carboxyl-protecting group an 
alkyl group having 1 to 4 carbon atoms or the tetrahydro- 
pyranyl group, R 1 * is as defined above, and Me represents 
an alkali metal, to form a condensation product of the 
formula (IVa) 



A NHA 

I | | c . 

AHN-C-N-(CH 2 ) 3 _CH-C0-CH 2 -C-(C00R 3 ) 2 (IVa) 




10 



20 
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wherein A, R^ and R* are a defined above, hydrolyzing the 
resulting product to convert it into a dicarboxylic acid 
compound of the formula (IVb) 




A NHA 
I | 

AHN-C-C- ( CH 2 ) 3 -CH-C0-CH 2 -C-( COOH) 2 (IVb) 
NH 



wherein A and R* are a define above, 

decarboxylating the resulting dicarboxylic acid compound, 
by removing one of the carboxyl groups from the dicarboxy- 
lic acid compound, by a method known in the art to form a 
15 monocarboxylic acid compound of the formula (IVc) 



A NHA CH 2 



AHN-C-N- ( CH 2 ) 3 -CH-C0-CH 2 -C~C0OH ( IVc ) 
NH 



wherein A and R^ are as defined above, 

and then subjecting the monocarboxylic acid compound to a 
25 reaction for removing the amino-protecting groups (A) by a 
customary method. 

Of the compounds expressed by the general formula I), 
those other than Arphamenine are novel substances. Accor- 
ding to a second gist of this invention, therefore, there 
30 are provided Arphamenine-related compounds of the general 
formula (la) 

f 

R' - C0CH 2 - CH - COOH (I) 



- 10 - 
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wherein R f represents an a-araino acid residue correspon- 
ding to an a-amino acid molecule from which the a-carboxy- 
group has been removed; R 2 represents a hydrogen atom, an ■ 
alkyl group having 1 to 6 carbon atoms, an aryl group or an 
5 aralkyl group both of which are unsubstituted or substitu- 
ted in the nucleus, * means that the configuration for the 
asterisked carbon atom is of the -R- or S-type or the R- 
and S- types combined, with the proviso that compounds of 
the formula I wherein R is an arginine residue correspon- 
10 ding to an arginine molecule from which the a-carboxyl 

group has been removed, and at the same time, R 2 is a ben- 
zyl or p-hydroxybenzyl group, are excluded, 
and their pharmaceutically acceptable salts. 



15 general formula (la), the raoittf R' -CO- may be any of the 
following: 

A group of the formula 



In the Arphamenine-related compounds expressed by the 



20 



NH 0 
I 2 

H 2 N(CH 2 )irCH-C0- 



( derived from lysine); 



25 a group of the formula 




30 



(derived from phenylalanine); 



a group of the formula 




(derived from tyrosine); 



10 



-11- 

a group of the formula 

H m 0 

'I 

i T^S|-CH 2 -CH-C0- 

( derived from histidine); 
a group of the formula 



NH 2 

KSCH 2 -CH-C0- 



(derived from cysteine); 

15 

a group of the formula 

NH 2 

CH 3 SCH 2 -CH-C0- 

20 

(derived from methionine); 
a group of the formula 



25 NH 2 

H00C-CH 2 -CH-C0- 



( derived from aspartlc acid); 
30 a group of the formula 

NH 2 

H00C-CH 2 CH 2 -CH-C0- 
35 ' (derived from glutamic acid); 
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a group of the formula 
NH 2 

H0CH 2 -CH-C0- 

5 

(derived from serine); 
a group of the formula 
10 H 

(derived from proline); 
15 a group of the formula 



CH -CH-CO- 



20 (derived from alanine); 



a group of the formula 

NH 2 

25 (CH 3 ) 2 CH-CH-CO- 

(derived from valine), 
a group of the formula 



30 



(CH 3 ) 2 CHCH 2 -CH-C0- 
(derived from leucine); 
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10 



15 



a group of the formula 
C 2 H C NH 
CH 



C 2 H 5v ? H 2 

• ^;ch-6h-co- 



3 

(derived from Isoleuclne); 
a group of the formula 

NH 2 

CH 3 (CH 2 ) 3 -CH-C0- 

(derlved from norleucine). 



The pharmaceutically acceptable salts of compounds of 
the general formulae (I) and (la) vary with the acidity or 
basicity of the molecules of the compounds* Typical examp- 
les of the salts acid-addition salts formed between inor- 

20 ganic acids , such as hydrochloric acid or sulfuric acid, 
and the amino or guanidyl group in the molecules of the 
compounds. Also exemplified are alkali metal salts formed 
• between alkali metals, such as sodium or potassium, and the 
carboxyl group in the molecules of the compounds. 

25 The compounds of the general formulae (I) and la) 

obtained by this invention all have an aminopeptidase B in- 
hibitory acitivity at a concentration of 0.002 pg/ml to 50 
Ug/ml. They also show a cell-mediated immunopotentiator ac- 
tivity , like Arphamenine, in tests for their effects on 

30 delayed-type hypersensitivity. 

Hereinbelow, the present invention will be illustrated 
in more detail with reference to the Referential Examples 
which show the preparation of the starting materials, and 
the Examples which show working examples of this invention. 

35 This invention, however, is in no way limited to these 
Examples. 
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Referential Example 1 

(a) Preparation of tri-N^benzyloxycarbonylarginyl-diazo- 
methane 

5 

NHZ 
C-NH 

^ H 2>3 : 

10 ZHN-CH-COCHN 2 

(z « c 6 h 5 ch 2 oco-) ; ; • 

In accordance with the method of Stachowiak et al. 

15 (Journal of Medicinal Chemistry, Vol. 22, page 1127, 1979) > 
I 3-85 g (6.67 mmols) of .. : ^i^^b'dn , «yloxycarbonyl--arginlne (a 
I product of Kokusan Kagaku ml (6.67 mmols) of 

triethylamine were suspended in 50 ml of anhydrous tetra- 
hydroforan, and the jiuspehsion was cooled to -15°C in a dry 

20 ice-acetone bath. 0.6 3^ml (6.67 mmols) of ethyl chloro- 
formate was added dropwise to the suspension over the cour- 
se of about 5 minutes with the system stirred and with the 
reaction temperature maintained at -15°C. The mixture was 
maintained at the same temperature for an additional 15 mi- 

25 nute-s. 20 ml of an ether solution of diazoraethane 

(diazomethane coAte^ 15 mmols ) prepared by a custo- 

mary method f rom 2' g of ^N-riitr6somethylurea was cooled with 
ice, and added at a tim£ to the above reaction mixture. 
After the reaction temperature vras held at -10°C ± 5°C for 

30 about 1 hour, the solVehts were evaporated under reduced 
pressure. The residue was dissolved in 50 ml of ethyl ace- 
tate, and the solution was washed with water and with a 
saturated aqueous solution of sodium bicarbonate. Then, the 
solution was washed; twice with water, and dried over anhy- 

35 drous sodium sulfate? dried solution was filtered, and 



15- HQE<&W%f 8 



the filtrate was concentrated to about 10 ml. When petro- 
leum ether was added In such an amount as to make the con- 
centrate cludy, crystals were formed. After the system was • 
allowed to stand overnight at room temperature, the cry- 
5 stals were collected by filtration, and washed with a mix- 
ture of ethyl acetate and petroleum ether. 2.498 g (4.32 
mols) of the captioned compound was obtained as yellow cry- 
stals. 

10 Yield: 65 % 

m.p.: 117.5 - 118. 5°C 
cm-1 

IR ( *max ): 2110 * x 720 - 1700 

Mass spectrum (PD): m/e 577 (m+1) 

15 

(b) Preparation of tri-N-benzyloxycarbonylarginyl-brorao- 
me thane 

20 NHZ 

C=NH 
i 

N-Z 
(CH 2 ) 3 
ZHN-CH-C0CH 2 -Br 

25 

2.450 g (4.08 mmols ) of the diazo compound obtained in 
step (a) was dissolved in 20 ml of tetrahydrofuran, and the 
soltuion was cooled with ice. 15 ml of a solution prepared 
by diluting an acetic acid solution of 25 % hydrobroraic 

30 acid 10-fold with ether was added dropwise to said solu- 
tion over the course of 3 hours under cooling with ice. The 
solvents were evaporated under reduced pressure, and the 
residue was dissolved in 50 ml of ethyl acetate. The solu- 
tion was sequentially washed with water (twice), an dried 

35 over anhydrous magnesium sulfate. After filtration, the 
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filtrate was oonoentrated to about 7 ml for crystalli- 
zation. The orystals formed were * oolleoted by filtration, 
and washed with a mixture of ethyl acetate and petroleum 
ether. After drying, the captioned compound was obtained 
5 as ooloreless needles. 

Yield: 80 % 

136.5 - 137°C 
Mass spectrum (FD): m/e 655 (m+2), 653 (m) 
10 'Beilstein's test: Positive ' 

I*]* 5 : 0°C (o-l.O, chloroform) 



(c) Preparation of trl-N-benzyloxyoarbonylarglnyl-iodo- 
15 methane 



NHZ 
C»NH 
f Z 

20 (CH 2 ) 3 • 

ZHN-CH-COCH 2 -i 

130.7 mg (0.2 mmol) of the broraomethane derivative produ- 
ced in step (b) and 90 rag (0.6 mmol) of sodium iodide were 

25 suspended in 2 ml of acetone, ana the suspension was reac- 
ted for 3 hours at room temperature at a dark place. Thin- 
layer chromatography (Merck's silica gel plate Art 5715) 
of the reaction mixture developed with benzene-acetone 
(10:1) confirmed the disappearance of the starting mate- 

30 rial and the appearance of a new spot. Then, the solvent 
was evaporated under reduced pressure, and the residue was 
dissolved in 10 ml of ethyl acetate. The solution was wa- 
shed three times with 7 ml of water wach, and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate 

35 was concentrated to about one- third of the original volume. 
Ether was added to the concentrate, when crystallization 
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10 



25 



occurred. 96 mg of the primary crystals formed were collec- 
ted by filtration, and then the filtrate was concentrated, 
thereby obtaining 30 rag of secondary crystals. 
Total amount of crystals collected: 126 mg (0.180 mmol). 

Yield: 90 % 

m.p. : 136 - 136. 5°C 

Mass spectrum (PD) : m/e 701 (m+1) 
Bells tein*s test: Positive 

(d) Preparation of benzylmalonic acid di-tetrahydropyranyl- 
ester sodium salt 



15 Na w C - CO - 0 < > 

V 



^co-o-^ 



Benzylmalonic acid di-tetrahydropyranyl-ester of the 
20 formula 



C 6 Hg-CH 2 -C 

\co 



was the first prepared in the following way in accor- 
dance with the method of Bowman and Pordham (Journal 
of Chemical Society, page 3945, 1952): 

30 0.583 g (3 mmols) of benzylmalonic acid and 1.45 ml (16 
mmols) of dihydropyran were reacted in 15 ml of benzene 
under cooling with ice in the presence of a drop of con- 
centrated sulfuric acid as a catalyst. 250 mg of KOH was 
added to the system, and the mixture was stirred for 30 

35 minutes • The supernatant was taken by decantation, and 
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distilled under reduced pressure in a water bath below 
30°C to remove benzene. The desired diester was obtained 
as a colorless oil. 

The resulting oil was dissolved in a mixture of 2 ml of 
N,N-dimethylformamide and 0.5 mi of hexamethylphosphorio 
triamide (HMPA). The solution was cooled with ice, and 
then 36 mg (1.5 ramols) of sodium hydride was added. The 
mixture was stirred for 1 hour under cooling with ice to 
form a clear solution containing the captioned sodium salt. 

• ■ 

Example 1 

Synthesis of Arphamenlne 



15 NHZ 

C-NH 
i 

NH 
i 



10 



20 



?6 H 5 



CH 2 CH 2 
H 2 NCH-C0-CH 2 CHC00H 

(a) Condensation reaction 



To the clear solution containing berizylmalonic acid di- 
tetrahydropyranyl-ester sodium salt prepared in step 

25 (d) of Referential Example 1 was added 701 mg (1 mmol) 

of the tri-N^benzyloxycarbonylarginyl-iodomethane prepa- 
red in step (c) of Referential Example 1. The mixture . 
was stirred for 2 hours under cooling with ice, thereby 
causing a condensation reaction to occur. Thin-layer 

30 chromatography on silica gel confirmed the disappearan- 

ce of the starting iodome thane compound. 
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(b) Decarboxylation reaction 

5 ml of dioxane was added to the reaction mixture of 
the above step (a), and 1.5 ml of IN HC1 was further 
5 added over the course of 2 minutes under cooling with 

ice. The resulting mixture was stirred for 3 hours un- 
der cooling with ice and 2 hours at room temperature to 
cause hydrolysis, whereby the tetrahydropyranyl groups 
were removed in the reaction mixture to form a dicarb- 
10 oxylic acid compound of the formula 

JIHZ 
C=NH 

15 (CH 2 ) 3 CH 2 

ZHNCH-CO-CH 2 CH(C00H) 2 

wherein Z is a benzyloxycarbonyl group. (If the hydro- 
lysis reaction mixture is sampled as such and concen- 

20 trated, followed by adding an ether solution of diazo- 

methane to the concentrated in dioxane, then there is 
formed a dimethyl ester conforming to the separately 
synthesized products described below in terms -of NMR 
spectrum, thin-layer chromatogram, and mass spectrum 

25 (FD) (m/e 794). 

Most of dioxane, hydrochloric acid and water were 
evaporated from said hydrolysis reaction mixture under 
reduced pressure. 5 ml of pyridine was added to the 
residue, and the mixture was heated to 100°C, when ga- 

30 ses including carbon dioxide gas were generated 

(decarboxylation reaction). Generation of the gases 
stopped in about 20 minutes, and thin-layer chromato- 
graphy (Merck T s silica gel plate Art 5717 , chloroform- 
methanol-acetic acid » 10:1:0.5) confirmed the 

35 disappearance of the dicarboxylic acid and the forma- 

tion of two new spots. 
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Pyridine and N,N-dimethylformamide were distilled away 
from the reaction mixture under reduced pressure. The 
residue was dissolved in 15 ml of ethyl acetate, and 
the solution was washed three times with 10 ml of wa- 
5 ter each. Then, the solution was dried over anhydrous 
magnesium sulfate, and filtered. 100 ml of activated 
carbon was added to the filtrate which was filtered 
again. 

The resulting filtrate was concentrated under reduced 

10 pressure to obtain the desired tri-N-benzyloxycarbonyl- 
Arphamenine A as oily matter. This product was dissolved 
in 2 ml of chlorform, and the solution was adsorbed onto a 
silica gei column (CC-7, a product of Mallinckrodt Inc., 
35 g) . The column was developed with chlorof orm-methanol 

15 (120:1) to obtain fractions with a volume of 3.5 ml each. 
Fractions Nos. 23 to 26 gave 352 mg of a compound corres- 
ponding to a spot with a high Rf value, and Fractions Nos. 
39 to 42, 67 mg of a compound corresponding to a spot with a 
low Rf value. The remaining fractions, Nos. 27 to 38, gave 

20 212 mg of a mixture. Said compound with the high Rf value 
is designated as (Va), and the compound with the low Rf 

,, value, as (Vb). Their physical constants are shown below. 

Compound (Ya) 

25 

X H - NMR.(«i 80 MHz, in CDC1 3 ) : • •• 
8.26 ( S NH) , 7.23 (C 6 H 5 ), 

0 0 
5.18, 5.11, 5.01 (-CH 2 - 0 -C- each), 4.63 (-N-CH-C-) 

30 

Methyl ester of the compound (Va) that was obtained by 
treating this compound with diazomethane showed a mass 
spectrum (FD) of m/e 738 (m+1). 



Compound (Vb) 
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X H - NMR (6, 80 MHz, in CDC1 3 ): 

9.25 (=NH), 7-31, 7.28, 7.24 (CgHj), 

0 C 0 

5.18, 5.08, 5-03 (-CH 2 -0-C-N- each), 4.55 (-N-C-C-) 

H 

Methyl ester of the compound (Vb) that was obtained by 
treating this compound with diazomethane showed a mass 
spectrum (PD) of m/e 738 (m+1). 

(c) Deprotection reaction (formation of Arphamenine A) 

100 mg of the tri-N-benzyloxycarbonyl-Arphamenine (Va) 
or (Vb) obtained in step (b) was dissolved in a mix- 
ture of 3 ml of dioxane, 0.5 ml of distilled water, 
and 0.3 ml of IN hydrochloric acid. The solution was 
catalytically reduced for 5 hours in an atmosphere of 
hydrogen at 3 atmospheric pressure in the presence of 
10 mg of palladium black as a catalyst. Thin-layer 
chromatography (Merck's silica gel plate Art 5715, de- 
veloped with phenol-water (3:1)) of the reaction mix- 
ture confirmed the disappearance of the starting 
material and the formation of a spot with the same Rf 
value as for Arphamenine. Then, the catalyst was remo- 
ved by filtration, and the solvent and water were 
evaporated under reduced pressure. The resulting crude 
powder of Arphamenine chloride was dissolved in 0.1 ml 
of water, and the solution was adsobed onto 4 ml of a 
nonionic adsorption resin, Diaion HP-20. The resin was 
developed with water to obtain fractions with a volume 
of 0.4 ml each. The desired Arphamenine was given in 
Fractions Kos. 12 to 28. These active fractions were 
combined, and concentrated under reduced pressure to 



- 22 - HoftjI^oW 

about 1 ml. About 0.2 ml of Dowex WGR was added to the 
concentrate, which was then adjusted to neutral pH and 
filtered. Dowex resin was washed with water, and the 
Vaschings were combined with the filtrate. The corabi- 
5 ned liquid was concentrated, and lyqphilized to obtain 
23 mg of the desired Arphamenine A. 
Yield: 46 .4 % 

The desired Arphamenine obtained from said compound 
(Va) showed, on thin-layer chromatography, the same Rf 

10 values as that of naturally oacuring Arphamenine ob- 

tained by a fermentation process. This Arphamenine 
from the compound (Va) is designated as Substance 
(I 1 ). The corresponding substance from the aforemen- 
tioned compound (Vb) is designated as Substance (I"), 

15 The physical properties of these substances will be 

mentioned below. 

Substance (I 1 ) 

•. 

20 X H- NMR («, 80 MHz, in heavy water): 

7.80 - 7.98 (C 6 H 5 j, 4.83 (CH) 

3.96 - 3.84 (CH, CH 2 ), 3.34 _ 3.68 (CH 2 x 2), 

2.30 - 2.70 (CH 2 ), 2.01 - 2.30 (CH 2 ) 

Mass spectrum (SIMS): m/e 321 (m+1) 

25 (PD): m/e 321 (m+1) 

Sakaguchl's reaction, ninhydrin reaction: Positive 
Aminopeptidase B inhibitory activity (IC 5Q ): 0.007 mcg/ml 
(naturally occuring Arphamenine A: 0.005 mcg/ml) 

30 

Substance (I") (optical isomer) 

1 H - NMR («, 80 MHz, in heavy water): 

7.78 - 7.86 (C 6 h 5 ), 4.86 (CH), 
35 . 3.72 - 3.85 (CH, CH g ), 3.35 - 3.67 (CH 2 x 2), 

2.35 - 2.70 (CH 2 ), 2.01 - 2.30 (CH 2 ) 
Mass spectrum (SIMS): ra/e 321 (m+1) 
(PD): m/e 321 (m+1) 
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Sakaguchi f s reaction, ninhydrin reaction: Positive 
Aminopeptidase B inhibitory activity (IC^q) described abo- 
ve were determined by an improvement of the Hopsu method 
disclosed in the specification of European Patent Appli- 
5 cation No. Al-0096 356 (this applies to the disclosure of 
the Examples to follow). 

Example 2 

10 Synthesis of 5-amino-8-guanidyl-4-oxo-l-octanoic acid 



701 mg (1 mmol) of tri-N-benzyloxycarbonyl-arglnyl-iodo- 
me thane obtained in step (c) of Referential Example 1 was 
condensed with malonic acid- di-tetrahydropyranyl-ester so- 

20 dium salt (1.1 mmols) that had been prepared by the reac- 
tion of malonic acid di-tetrahydropyranyl-ester with sodium 
hydride in the same way as in step (d) of Referential Examp- 
le 1. The same procedure as in step (a) of Example 1 was 
applied to this condensation reaction. The resulting con- 

25 densation product was reacted, treated and purified in the 
same way as in the steps (b) and (c) of Example 1 to obtain 
the captioned compounds as a monohydrochloride. 



Example 3 

Synthesis of 5-amino-8-guanidyl-4-oxo-2-phenyl-l-octanoic 
35 acid 



15 




30 



Yield: 72.3 mg (27 *) 

Mass spectrum (SIMS): m/e 231 (m+1) 

Sakaguchi's reaction, ninhydrin reaction: Positive 
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Tri-N-benzyloxycarbonyl-arginyl-iodoinethane obtained In 
step (c) of Referential Example 1 was condensed with phe- 
nylmalonic acid di-tetrahydropyranyl-ester sodium salt 
that had been prepared by the reaction between phenylmalo- 
5 nic acid dl-tetryhydropyranyl-ester and sodium hydride in 
the same way as in the step (d) of Referential Example 1. 
The same procedure as In the step (a) of Example 1 was 
used for this condensation reaction. The resulting conden- 
sation product was reacted, treated and purified in the sa- 
10 me way as In the steps (b) and (c) of Example 1. The 
captioned compound was obtained as a monohydrochloride. 

Mass spectrum (SIMS) : m/e 307 (m+1) 
(PD): m/e 307 (m+1) 
15 Sakaguchi's reaction, ninhydrin reaction: Positive 
| Aminopeptldase B inhibitory activity (IC 5Q ): 0.045 racg/ml 

I 

Example 4 

20 Synthesis of 5-amino-8-guanidyl-4-oxo-2-methyl-l-octanoie 
acid 

? H 2 
C=NH 

NH 

25 ' . <? H 2 V . ? H 3 

H 2 NCH-Cp r ;CH 2 -CHC00H 

Tri-N-benzyloxycarbonyl-arginyl-iodomethane obtained in 
the step (c) of Referential Example 1 was condensed with 

30 methyl-malonic acid di-tetrahydropyranyl-ester with sodium 
hydride in the sane way as In step (d) of Referential 
Example 1. The same procedure as in step (a) of Example 1 
was used for this condensation reaction. The resulting 
condensation product was reacted, treated and purified in 

35 the same way as in the steps (b) and (c) of Example 1 to 
obtain the captioned compound .as a monohydrochloride* 



5 
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Mass spectrum (SIMS): M/e 245 (m+1) 

Arainopeptidase B Inhibitory activity (ICj Q ): 0.081 mcg/ml 
Referential Example 2 

(a) N-benzyloxycarbonyl-phenylalanine was reacted with 
diazomethane and then with an acetic acid solution of 
hydrobromic acid in the same way as in the steps (a) 
and (b) of Referential Example 1 to obtain N-benzyloxy- 

10 carbon^-phenylalanyl-bromomethane of the formula 

ft 

ZHN-CH-C0-CH 2 -Br 

15 wherein Z represents a benzyloxycarbonyl group. 

Yield:' 47 Z 

m.p.: 102.5 - 103°C 

l«] D : +21° (c=0.6, CHC1 3 ) 

20 Mass spectrum (PD) : m/e 378 (m+2), 376 (m) 

(b) 1.58 g (10.8 mraols) of methylmalonic acid dimethyl 
ester was dissolved in a mixture of 6 ml of N,N-dime- 
thylformamide and 0.6 ml of hexamethylphosphoric tri- 

25 amide. The solution was cooled with ice, and then 230 

mg (9.58 mmols) of soldium hydride was added, followed 
by stirring the mixture for 1 hour. A clear solution 
containing methylmalonic acid dimethyl ester sodium 
salt of the formula 



30 



Na $ 

^COOCH 



HjC - C 



35 



3 

eVN ^C00CH 3 



was obtained. 
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Example 5 

Synthesis of 5-amino-2-methyl-l»-oxo-6-phenyl-l-hexanoic 
acid 

5 

?6H 5 

CH 2 CH 3 
H 2 N :-CH-C0-CH 2 CHC00H 

10 (a) Formation of. 5-benzyloxycarbonylamino-2-methoxycarbo- 
nyl-2-methyl-4-oxo-6-phenylhexanoic acid methyl ester 



?6 H 5 

CH 2 CH 3 
15 ZHH-CH-C0-CH 2 Jo- ( C00CH 3 ) 2 

I 
I 



(Z is a benzyloxycarbonyl group) 



2.26 g (6.0 mmols) of N-benzyloxycarbonyl-phenylalanyl- 

20 bromoraethane obtained in step (a) of Referential Example 2 
was added to the solution of methylmalonic acid dimethyl 
ester sodium salt obtained in the step (b) of Referential 
Example 2. The mixture was stirred for 30 minutes under 
cooling with ice. Thin-layer chromatography on silica gel 

25 (Merck's TLC plate, Art 5715, developed with benzene-ace- 
tone = 10:1) of the reaction mixture confirmed the dis- 
appearance of starting broraomethane compound and the 
appearanc of a new spot. N,N-dimethylformamide was eva- 
porated from the reaction mixture under reduced pressure. 

30 The residue was dissolved in 40 ml of ether, and the solu- 
tion was washed with water, 0.05 N hydrochloric acid, an 
aqueous solution of sodium bicarbonate, and water (twice) 
in this sequence. Then, the washed solution was dried over 
anhydrous sodium sulfate, and filtered. The solvent was 

35 evaporated from the filtrate to obtain 2.263 g of a pale 
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yellow oil. This matter was purified by silica gel chro- 
matography (Wako's C-200, 64 g, developer: benzene-acetone 
B 30:1) to give 1.75 g (3-97 mmols) of the captioned com- 
pound as oily matter. 
Yield: 66 % 

h - NMR («, 60 MHz, in CDC1 3 ) : 

7.30(C 6 h 5 ), 7.22 (C 6 H 5 ), 5-37 (NH, doubled, J-8HZ) 

0 

5.05 (-CH 2 0), 4,72 - 4.40 (N-CH-C-) , 

3.65 (-0CH ), 3 . 17 . 2t90 (CH x 2)i 

1.43 (-CH 3 ) 
Mass spectrum (PD) : m/e 442 (m+1) 

(b) Pormation of 5-benzyloxycarbonylamino-2-methyl-4-oxo- 
6-phenyl-hexanoic acid methyl ester 

?6 H 5 

¥ H 2 0H 3 
ZHN-CH-C0-CH 2 _CH-C00CH 3 

In accordance with the method of A. P. Krapcho et al. 
(Synthesis, 805 (1982)), 1.70 g of the product obtained 
in the above step (a) was dissolved in a mixture of 17 ml 
of N,N-diraethylformamide and 0.18 ml of water, 450 mg of 
sodium chloride was added, and the mixure was heated at 
150°C for 32 hours, thereby removing one of the methoxy- 
carbonyl groups. The solvents were evaporated under redu- 
ced pressure, and the residue was separated into different 
layers with the addition of acetate and 50 ml of water. 
The separated system was further washed with 50 ml of 
water each. The organic layer was dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concen- 
trated to dryness, and the resulting oily substance was 
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purified by silica gel column chromatography (silica gel: 
Wako C-200, developer: benzene-acetone = from 80:1 to 
40 : 1 , volume of each fraction: 6 ml) Fractions Nos. 34 to 
48 were combined, and concentrated to dryness to obtain 
5 314 mg (0.82 mmol) of the captioned compound as an oily 
substance . 
Yield: 19 % 

X H - NMR (fi ppm, 80 MHz, in CDC1 3 ): 
10 " 0.96 - 1.50 (CH 3 ), 2.65 - 3-43 (CH 2 , CH 2 , CH), 

3.63 (CH 3 o-, 3.64 (CH3O-), 4,38 - 4.65 (CH), 
5.03 (CH 2 ), 5.05 (CH 2 ), 5.20 - 5,45" (NH) 

This ^-H-NMR pattern showed the resulting product to be a 
15 mixture (about 1:1) of two diastereomers. 

Mass spectrum (FD) : m/e 384 (m+1) 

(c) Formation of 5-benzyloxycarbonylainino-2-methyl-4-oxo- 
20 6-phenyl-l-hexane 

200 mg (0.52 mmol) of the methyl ester product obtai- 
ned in above step (b) was dissolved in 2 ml of. metha- 
nol, and the solution was cooled with ice. Then 0.5 

25 ml of IN NaOH was added , and the mixture was stirred 

for 6 hours under cooling with ice. After silica gel 
thin-layer chromatography confirmed the disappearance 
of the starting methyl ester compound, methanol was 
evaporated under reduced pressure in a water bath at 

30 30 °C. 3 ml of water and 3 ml of ether were added to 

the residue to separate it into different layers. The 
aqueous layer was further extracted twice # with ether, 
and cooled with ice. About 0.6 ml of IN HC1 was added 
the pH to 2, and the mixture was extracted twice with 

35 ethyl acetate. The organic layer was washed twice with a 
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saturated aqueous solution of sodium chloride, and 
dried over anhydrous magnesium sulfate. The dried 
liquid was filtered, and the solvent was evaporated 
from the filtrate under reduced pressure to obtain 
140 mg (0.38 mmol) of the captioned compound as an 
oily substance. 
Yield: 73 % 

*H - NMR (6 ppm , 60 MHz, in deuterochlorof orm) : 

0.97 - 1.32 (CH-), 2.60 - 3.27 (CH 2 , CH 2 , CH), 

4.37 - 4.72 (CH), 5.03 (CHg), 

5.17 - 5.45 (NH), 6.95 - 7.33 (CgHg) • 

Mass spectrum (PD): m/e 370 (m+1), 254, 115 

(d) Formation of 5-amino-2-methyl-4-oxo-6-phenyl-l-hexa- 
noic acid 

92.4 mg (0.25 mmol) of the product obtained in the 
above Btep (o) was dissolved in a mixture of 1 ml of 
dioxane, 0.2 ml of water, and 30 ml of IN HC1. A pal- 
ladium catalyst was added to the solution, and the 
mixture was catalytically reduced in an atmosphere of 
hydrogen at 3 atmospheric pressure to remove the ben- 
zyloxycarbonyl group. Two hours later, thin-layer ch- 
romatography (Merck's TLC plate Art 5715, developer: 
chloroforra-methanol-acetic acid ■ 10:1:0.5) of the 
reaction mixture confirmed the disappearance of the 
starting compound having a protected amino group, and 
the appearance of a spot showing a positive ninhydrin 
reaction. The catalyst was removed by filtration, and 
the filtrate was concentrated to dryness. The residue 
was dissolved in 0.15 ml of water, and the solution 
was adsorbed onto a 3 ml column of Diaion HP-20. The 
column was washed with 6 ml of water, and developed 
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with a 10 % aqueous solution of methanol to elute the 
. desired compound. The eluate was adjusted to a pH of 6 
with Dowex WGR (OH type), and filtered. The filtrate 
was concentrated as a colorless powder. 
Yield: 75 % 

*H - NMR (6 ppm, 60 MHz, in methanol-D^ ) : 

1-02 - 1.34 (CH 3 ), 2.65 - 3.24 (CH 2 , CH 2 , CH), 
4.56 - 4.75 (CH), 7.05 - 7.38 (C^) 

Mass spectrum (PD) : m/e 236 (m+1) 

Aminopeptidase B inhibitory activity (IC 50 ) : i|8 mcg/ml 
Referential Example 3 

(a) 4.05 g (18.8 mols) of N-t-butoxycarbonyl-proline was 
reacted with ethyl chlorof ormate and diazomethane in 
the same way as in step (a) of Referential Example 1 
to obtain N-t-butoxycarbcnyl-prolyl-diazomethane of 
the formula 



An acetic acid-ether solution of 2.5 % hydrobromic 
acid was added dropwise to a tetrahydrofuran solution 
of 3-93 g of the so obtained N-t-butoxycarbonyl-prolyl 
diazomethane under cooling with ice in the same way as 
in step (b) of Referential Example 1. The reaction 
mixture wac concentrated to dryness, and the residue 
was extracted. The extract was purified by silica gel 




as a yellow oil. 



•Yield: 4.25 g (94' .%) ^ 

IR (film meth.od, neat): V? cm 2108 



max 
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chromatography (silica gel: Wako C200, 120 g develo- 
per: benzene-ethyl aoetate ■ 17*1 to 13-1) to obtain 
2.98 g of N-t-butoxyearbonyl-propyl-brommethane of the 
formula 



as a yellow oil. 
Yield: 62 % 

Mass spectrum (PD) : m/e 294 (m+2), 292 (m) 

(b) 650 mg of isobutylmalonic acid diethyl ester was reac- 
ted with 48 mg of sodium hydride in the same way as in 
step (d) of Referential Example 1 to obtain a solution 
of isobutylmalonic acid diethyl ester sodium salt. 

Example 6 

Synthesis of 2-isobutyl-4-(2-pyrrolidyl)-4-oxo-l-butanoic 
acid 



(a) Formation of 2-isobutyl-2-ethoxycarbonyl-4-(l , -t- 
butoxycarbonyl-2 • -pyrrolidyl)-4-oxo-l-butanoic acid 
ethyl ester 





C5H(CH 3 ) 2 



(CH )-C0-C0-N 



C0-CH 2 -C-(C00C 2 H 5 ) 2 
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270 mg of the N-t-butoxycarbonyl-prolyl-brommethane 
obtained in the step (a) of Referential Example 3 was 
subjected to a condensation reaction with the solution 
of isobutylmalonic acid diethyl ester sodium slat ob- 
tained in the step (a) of Referential Example 3. The 
procedure of Example 1 was used for this condensation 
reaction. The condensation product was purified by si- 
lica gel column chromatography" to obtain 172 mg of the 
captioned compound as a colorless oil. 
Yield: i|4 % 

- NMR (6 ppm, in deuterochlorof orm) : 
0.78 - 0.89 (CH 3 ), i.i - 1.33 (CH 3 ), 1.42 ((CH^g), 
1.55 - 2.10 (CH 2 , CH 2)> 3. 03 _ ^ ^ 

3.30 - 3-67 (CH 2 ), ' 3.92 - ii.28 (CH 2 ) 

Mass spectrum (PD): m/e.428 (m+1). 257, 170 

(b) Formation of 2-isobutyl-4-(l-t-butoxycarbonyl-2-pyrro- 
lidyl)-4-oxo~butanoic acid ethyl ester 



CH(CH 3 ) 2 
COCH 2 CHCOOC 2 H 5 

428 mg (1 mmol) of the product obtained in the above 
step (a) was dissolved in a mixture of 3 ml of DMS0 
and 0.1 ml of water, 120 ml of sodium chloride was ad- 
ded to the solution, and the mixture was heated at 



(CH 3 ) 3 co. 



i-CO-N L 
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l60°C'for 4- hours to remove one of the ethoxycarbonyl 
groups. The resulting product wsb treated in the same 
way as in step (b) of Example 1, and purified by sili- 
ca gel ■column chromatography to ■ obtain 193 mg of the 
5 captioned compound as an oily substance. 
Yield: 54 % 

Mass spectrum (PD): ra/e 356 (m+1), 185, 170 

10 (c) Pormation of 2-isobutyl-4-(l-t-butoxycarbonyl-2- 
pyrrolldylM-oxo-butanoic acid 



CH(CH 3 ). 

*5 ( CH 3 ) 3 C0-C0-N— I C0CH 2 CHC00H 



182 mg'of the ethyl ester produced in step (b) was hy- 
drolyzed with an alkali in the same way as in the step 
(c) of Example 5« The reaction mixture was concent ra- 

20 ted, and then 5 ml of ethyl acetate was added to the 

concentrate. 0.48 ml of IN hydrochloric acid and 3 ml 
of water were added to the mixture to separate it into 
different layers. The organic layer was washed twice 
with a saturated aqueous solution of sodium chloride, 

25 and dried over anhydrous magnesium sulfate. Then, the 

layer was filtered, and the filtrate was concentrated 
to dryness to obtain 164 mg of an oily substance. This 
substance was purified by silica gel column chromato- 
graphy (silica gel: CC-7, a product of Mallinckrodt 

30 Inc., 5 g developer: chlorform-methanol = 20:1) to ob- 

tain 128 mg of the captioned compound as a colorless 
oil. 

Yield: 76 % 



35 Mass spectrum (PD): m/e 328 (m+1) 
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(d) Formation of 2-isobutyl-4-(2-pyrrolidyl)-4-oxo-l-buta- 
noic acid 

120 rag* of the product of step (c) was dissolved in 3 
5 ml of dioxane, and the solution was cooled with ice. 

2.4 ml of a dioxane solution containing 6N hydrochlo- 
ric acid was added, and the mixture was stirred for 20 
hours under cooling with ice to remove the protective 
group. 

10 Thin-layer chromatography (silica gel as thin layer: 

Merck's TLC Art 5715, developer: chlorof orm-methanol- 
acetic acid = 10:1:0.5) of the reaction system confir- 
med the disappearance of the starting t-butoxycarbonyl 
compound and the appearance of a new spot showing a 

15 positive ninhydrin reaction. The solvent used in the 

reaction was evaporated under reduced pressure, and the 
residue was treated, purified and neutralized in the 
same way as in step (d) of Example 5« 52 mg of the 
captioned compound was obtained as an amorphous powder. 

20 Yield: 62 % 

(d) Formation of 2-isobutyl-4-(2-pyrrolidyl)-4-oxo-l-buta- 
noic acid 

25 120 mg of the product of step (c) was dissolved in 3 ml 

of dioxane, and the solution was cooled with ice. 2.4 ml 
of a dioxane solution containing 6N hydrochloric acid 
was added, and the mixture was stirred for 20 hours 
under cooling with ice to remove the protective group. 

30 Thin-layer . chromatography (silica gel as thin layer: 

Merck's TLC Art 5715* developer: chlorof orm-methanol- 
acetic acid * 10:1:0.5) of the reaction system confir- 
med the disappearance of the starting t-butoxycarbonyl 
compound and the appearance of a new spot showing a 

35 positive ninhydrin reaction. The solvent used in the 

reaction was evaporated under reduces pressure, and the 
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residue was treated, purified and neutralized in the 
same way as in step (d) of Example 5. 52 mg of the cap- 
tioned compound was obtained as an amorphous powder. 
Yield: 62 % 



Mass spectrum (FD): m/e 228 (m+1) 

Aminopeptidase B inhibitory activity (lC^ Q )i 12 mcg/ml 
15 Referential Example 4 

(a) N-benzyloxycarbonyl-asparagine benzyl ester was reacted 
with ethyl chloroformate and diazomethane in the same 
way as in Btep (a) of Referential Example 1 to obtain 

20 N-benzyloxycarbonyl-asparaginyl-diazomethane B-benzyl 

ester of the formula. 



5 



m.p. : 80 - 105°C 



H - NMR (4, 60 MHz, in Methanol-D,. ) : 



10 



0.80 - 0.92 (CH 3 ), 1.47 - 2.03 (CH 2 , CH 2 , CH), 
2.98 - 3.24 (CH 2 ), 3.40 - 3-52 (CH 2 ) 
• i* .68 - 4.84 (CH) 



25 




(Z is a benzyloxycarbonyl group) 



as a pale yellow solid. 



30 



m.p.: 120 - 125°C 
Yield: 67^ 
'iR {\} cm ~ ): 2.03 



max 



35 



Mass spectrum (PD) : m/e 382 (m+1) 
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(b) The diazo compound produced In step (a) was reacted 

with hydrobromic acid in the same way as in step (b) of 
Referential Example 1 to obtain N-benzyloxycarbonyl- 
asparaginyl-bromethane B-benzyl ester of the formula 

C00CH 2 /3 
CH 2 w 

ZHNCH-C0-CH 2 Br 

as colorless crystals . 
Yield: 89 % 

Mass spectrum (PD) : m/e 436 (m+2) 

ra/e 434 (m) 

Example 7 

Synthesis of 5-araino-2-isopropyl-4-oxo-heptane<iicarboxylic 
acid 

COOH (CH 3 ) 2 
CH 2 CH 2 
H 2 NCH-C0-CH 2 -CH-C00H 

(a) The N-benzyloxycarbonyl-asparaginyl-bromomethane 
B-benzyl ester obtained in step (b) of Referential 
Example 4 was reacted with isopropylmalonic acid di- 
ethyl ester sodium salt in the same way as in step (a) 
of Example 1. The reaction mixture was treated in the 
same way as in step (a) of Example 1 to obtain a com- 
pound of the formula 

coocvQ 

I 2 CH(CH 3 ) 2 
ZHNCH-CO-CH 2 _c- ( C00C 2 H 5 ) 5 

as a- colorless oil. 
Yield: 63 % 
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Mass spectrum (FD): m/e 556 (m+1), 312, 243 

(b) The product obtained in above step (a) was treated in 
the same way as in step (b) of Example 5 to remove the 
ethoxycarbonyl group, thereby obtaining a compound of 
the formula 



C00CH 2 
CH 



-Q 



y« 2 CH(CH 3 ) 2 

zhnch-co-ch 2 -6h-cooc 2 h 5 

as a colorless oil. 
' Yield: 67 36 

Mass spectrum (FD) : m/e 484 (m+1) 

(c) The product obtained in step (b) was hydrolyzed with an 
alkali in the same way as in step (c) of Example 5 to 
obtain a compound of the formula 

COOH 
1 

CH 2 CH(CH 3 ) 2 
ZHNCH-COCH 2 CHCOOH 

as a colorless amorphous solid (m.p. 183 - 198°C). 
Yield: 82 % 

Hass spectrum. (FD) : m/e 366 (m+1) 

A dimethyl ester obtained by treating the resulting com- 
pound with dlazomethane showed a mass spectrum of m/e 394 
(m+1). 

(d) The product obtained in the above step (c) was cataly- 
tically reduced in the same way as in step (d) of 
Example 5 to remove the benzyloxycarbonyl group, 
thereby obtaining the desired 5-amino-2-isopropyl-4_ 
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oxoheptadicarboxylic acid as a colorless solid (m.p. 
195 - 220°C). 
Yield: 86 % 



5 Mass spectrum (PD): m/e 232 (m+1) 

Example 8 



Synthesis of 6-mercapto~5-amino-4-oxo-2-methyl-heptanoic 
10 acid 

SH 
I 

4' i i 

H-CO-CH 2 -CH-C0OH 

15 

| N-di-t-butoxycarbonyl-cysteinyl-brommethane derived 

I from N-di-t-butoxycarbonylcysteine was reacted with 

methylmalonic acid diethyl ester sodium salt in the same 
way as in step (a) of Example 5- The reaction product 
20 was treated in the same way as in the steps (b), (c) 
and (d) of Example 5 to obtain the captioned compound 
as a pale yellow solid (m.p. 124 - 137°C). 

Mass spectrum (PD): m/e 193 (m+2), 191 (m) 
25 -Aminopeptidase B inhibitory activity (IC,- 0 ): 0.13 mcg/ml 
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1. A process for the preparation of compounds of the 
formula I 



30 



R 2 

f 

R - CO - CH 2 - CH - COOH (I) 



wherein R represents an a-amino acid residue correspon- 
10 ding to an a-amino acid molecule from which the a- 

carboxyl group has been removed , R 2 represents a 
hydrogen atom, an alkyl group having 1 to 6 carbon 
atoms, an aryl- or aralkyl group both of which are un- 
substituted or substituted in the nucleus and * means 
15 that the configuration at the asterisked carbon atom is 

of the R- and S-type or the R- and S- types combined, 
which comprises condensing an a-amino acid derivative 
of the formula II 



20 R - C - CH 2 X (II) 

wherein R 1 has the same meaning as R above with the 
proviso that, if the a-amino acid residue contains a 
functional group in additon to the a-amino group, both 
25 the a-amino group and the functional group are protec- 

ted with usual protective groups, and X respresents 
bromine or iodine, with a substituted or unsubstituted 
malonic acid diester alkali metal salt of the formula 
III 



R 2 C00R 3 
^ C00R* 



Me® GZ (III) 



25 



30 
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wherein R 2 is as defined above; R 3 represents a 
carboxyl-protecting group and Me represents an alkali 
metal; and * has the meaning as defined above, to form 
a compound of the formula 

0 R 2 .COOR 3 

1 t - ■ 



R - C - CHg - 

*^sC00R 3 

10 wherein R 1 , R 2 and R 3 are as defined above, removing 

one of the -COOR^ groups by a decarboxylating reaction 
known in the art, and finally spliting off the protec- 
tive groups by methods known in the art. 

15 2. A process as defined in claim 1 wherein R^ is C^-c^- 
alkyl or tetrahydropyranyl. 

3* A process as defined in claim 1 wherein R^ is hydro- 
gen, an alkyl group having 1 to 6 carbon atoms, phe- 
20 nyl or benzyl, both of which may be unsubstituted or 

substituted in the nucleus by hydroxy, nitro or methoxy, 
and R is a group of the formulae 



y - NH - (CH 2 ) 3 - CH- 



H 2 N 



f 2 



H 2 N-(CH 2 )4 - CH - 



Q- 



- NH„ 
I 2 
CH 2 - CH - 



NH 2 

35 H0-</ VCH 2 -CH- 
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F f2 
/"V H 2-CH- 



NH 2 

HSCH 2 - CH - 



NH 2 



CH 3 -S-CH 2 - CH - 



?H 2 

HOOC - CH 2 - CH - 



NH 2 

HOOC -(CH 2 ) 2 _ CH - 



NH 2 

H0CH 2 - CH - 



Cr 



NH 



CH- 



- CH 2 - 



m 2 

(CH 3 ) 2 CH - CH 

m 2 

(CH 3 ) 2 CHCH 2 -CH- 



C 2 H. NH 2 

> - CH - or 

CHg 



NH, 

CH 3 (CH 2 ) 3 -CH- 
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A process as defined in claims 1-3 wherein the conden- 
sation reaction is carried through in a solvent and at* 
a temperature of from 0 to 15°C. 

A compound of the formula I 

0 R 2 
R - & - CH n - CH - COOH 



J 2 



wherein R, R 2 and * have the meaning as defined in 
claim 1 with the proviso that R is not an arginine re- 
sidue corresponding to an arginine molecule from which 
the a-carboxyl group has been removed if R c is the ben- 
zyl group or a p-hydroxybenzyl group, and the pharma- 
ceutically acceptable salts thereof. 

A compound of the formula I 

0 R 2 
It I 
R - C - CH 0 - CH - COOH (I) 
* ft 



wherein R, R 2 and * have the meaning as defined in 
claim 3 with the proviso that R ist not a group of the 
formula 

HN. NH 2 



^C - NH - (CH 2 ) 3 - CH - 
H 2 n 

if R 2 is the benzyl group or a p-hydroxybenzylgroup, 
and the pharmaceutical^ acceptable salts thereof. 

A pharmaceutical composition comprising as active in- 
gredient a commpound of the formula I as claimed in 
claims 5 and 6 or a physiologically acceptable salt 
thereof in association with a pharmaceutically accep- 
table carrier. 



8. A compound of the formula I or a physiologically ac- 
ceptable salt thereof for use as a medicament. 
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